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@) Liquid erystn display. 



I A ferroeleiDlic liquid crystal display device includes a pair of substrates on which an electrode is 
selectively fwned on the surface, an insulating film and an orientation film are formed thereon and 
uniaxial orieitttion processing is performed and which are arranged so that directions of their uniaxial 
orientation possessing may be almost parallel to each other ; a liquid crystal panel which is formed by 
injediag a lij^d crystal having a chiral smectic C phase between the substrates ; driving means for 
switching an optical axis of the liquid crystal by selectively applying a voltage to the electrode ; and 
means for .^l^caSly identifying the switching of the optical axis, in which the liquid crystal shows a 
chevron stricture as a layer structure at the chiral smectic C phase in which a layer structure is 
doglegged, ^eid an orientation region generated from interaction in the uniaxial orientation processing 
diTBCtion and the layer structure is an inside regbn surrounded by a lightning defect generated in th 
uniaxia] orieitfation direction and a hair pin defect generated behind the lightning defect or an outsid 
region sunrouided by the hair pin defect generated in the uniaxial orientation direction and a lightning 
defect geneeded behind the hair pin defect, the liquid crystal can invert to switch an crientation axis 
neaf die sutetrates, and a ratk> of an angle 5 of inclination of a layer of the liquid crystal to the 
substrate, to^tilt angle 8 is made to be from 0.9 to 1. 
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BACKGROUND OF THE INVENTION 
1. Field of the invention 

5 The present invention relates to a liquid crystal display device and more particularly, to a liquid crystal 

display device using a ferroelectric liquid crystal. 

Z Description of the Related Art 

10 A conventional liquid crystal display device using a nematic liquid crystal comprises a twisted nematic (TN) 
type liquid crystal display device and a supertwisted birefringence effect (SBE) type liquid crystal dbplay de- 
vice. 

In the twisted nematic type liquid crystal display device, however, as a driving method becomes multiplex, 
a driving margin becomes narrow, so that sufficient contrast can not be obtained. In the supertwisted birefrin- 
15 gence effect type liquid crystal display using a large twist angle, which Is an improved display device of the 
twisted nematic type liquid crystal display device, when it is used in large-capacity display device, the contrast 
is low^ed or response speed is decreased. 

Then, in order to improve the liquid crystal display device using the nematic liquki crystal, there was pro- 
posed a liquid crystal display device using a chiral smectic C liquid crystal, that is, a ferroelectric liquid crystal 
20 by N. A. Clark and Lagerwall in 1980 (Japanese Unexamined Patent No. 107216/1981, and U.S.Patent No. 
4367924). 

This liquid crystal display device Is different from the above liquid crystal device using an electric field ef- 
fect in which dielectric anisotropy of a liquid crystal molecule is used and has a structure employing rotating 
force for matching a polarity of a spontaneous polarization of the ferroelectric liquid crystal with a polarity of 

25 the electric field. This liquid crystal device has a bistable characteristic, a menrK>ry characteristic, and hlgh- 
sp ed response characteristic. More specifically, when the ferroelectric liquid crystal is injected into a cell hav- 
ing a thin gap, a spiral structure of the ferroelectric liquid crystal is broken by an influence of an interface of 
the substrate, and then there exist together a region where the liquid crystal molecule is inclined from the nor- 
mal line of the smectic layer by an angle of e and a region where the liquid crystal molecule is inclined In the 

so opposite direction by -e. so that bistable property is provided. The directions of the liquid crystal molecule and 
its spontaneous polarization can be uniform by applying a voltage to the ferroelectric liquid crystal in the cell. 
Th refore, by switching the polarity of the voltage to be applied, the orientation of the liquid crystal molecul 
can be switched from a certain constant state to another constant state. 

Since birefringent light in the ferroelectric liquid crystal in the cell is changed by the switching operation, 

35 transmitted light can be controlled by sandwiching the cell between two polarizers. In addition, even if the ap- 
plication of the voltage is stopped, the orientation of the liquid crystal molecule is kept at a state before appli- 
cation of the voltage is stopped, so that the memory effect can be also obtained. A time required for driving Ihe 
switching operation has high-speed response characteristic, that is, below 1/1000 of the twisted menatic type 
liquid crystal display device because the spontaneous polarization of the liquid crystal and the electric field 

40 directly affect it, enabling high-speed display. Thus, by using the memory effect or the high-speed response 
characteristic of the ferroelectric liquid crystal, there has been Implemented a liquid crystal display device of 
high resolution in which there are many scanning lines using a multiplex driving method. 

However, there are many problems in the liquid crystal display device proposed by Clark and Lagerwall. 
That Is, it is thought that in a first nriodel, a layer structure of the smectic C phase has a structure perpendicular 

45 to a substrate, called bookshelf type shown in Fig. 3. 

However, in a case where a cell is made by using a conventional orientation method by rubbing or th 
lik , it has been found that switching phenomenon and an optical characteristic is considerably different firom 
that expected, and its switching operatk)n Is completely different from that of the proposed model. 

As one reason for the above, it was analyzed using a small angle scattering method of X-ray that the layer 

60 structure is doglegged, called a chevron structure shown in Fig. 4. [ Phys. Rev. Lett, 59, pp.2658 (1987) by 
Rieker, T.P., aark, N.A, ] 

In addition, it is also different firom the first model in that the direction of the spontaneous polarization and 
the liquid crystal molecule have uniform orientation and also the molecule has a twisted orientation between 
upper and lower substrates. [Glogarova, M. and Pavel, J., J.Phys. (France), 45, pp.143 (1984) ] 
ss Especially, the ferroelectric liqukJ crystal display device oriented by rubbing has the twisted orientation 

because regulating force at the interface strongly acts thereon. In such orientation, it is found that a difference 
in optical molecular axis inswitching between two states does not generally effectively app arand high contrast 
characteristic is not obtained. In order to solve the above problems, there are proposed several methods to 
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attain a lay r structure model proposed by Clark et a). For example, there is one example In which an SIO ob- 
lique deposition method is used, and then the layer Is prevented from being doglegged by applying a relatively 
high pretQt to the substrate interface to attain an oblique layer structure. 

In addition, there is another method in which the layer structure is changed to the bookshelf structure by 
5 applying an alternating electric field of a high voltage to the cell having the doglegged structure [the twelfth 
Liquid Crystal Meeting (Nagoya) by Sato et al., 1F16 (1986)]. It has been reported that high contrast can be 
provided by either method. 

However, in the above oblique deposition method, it is difficult to make the deposition angle uniform and 
there is a big problem in productivity because of vacuum processing. In addition, in the method which applies 
10 the electric field, it is difficult to uniformly change the layer structure because it gradually changes to the chev- 
ron structure with the lapse of time, so that it has not been put to practtoal use. 

SUMMARY OF THE INVENTION 

IS According to the present invention, a ferroelectric liquid crystal display device includes a pair of substrates 
on which an electrode is selectively formed on the surface, then an Insulating film and an orientation film are 
formed thereon and uniaxial orientation processing is performed and which are arranged so that directions 
of their uniaxial orientation processing may be almost parallel to each other; a liquid crystal panel which is 
formed by injecting a liquid crystal having a chiral smectic C phase between the substrates; driving means for 

20 switching an optical axis of the liquid crystal by selectively applying a voltage to the electrode; and means for 
optically identifying the switching of the optical axis, in which the liquid crystal shows a chevron structure as 
a layer structure at the chiral smectic C phase in which a layer structure is doglegged, and an orientatton region 
generated from interaction in the uniaxial orientation processing direction and the layer structure is an Inside 
region surrounded by a lightning defect generated in the uniaxial orientation direction and a hair pin defect 

25 generated behind the lightning defect or an outside region surrounded by the hair pin defect generated in the 
uniaxial orientatbn direction and a lightning defect generated behind the hair pin defect, the liquid crystal can 
invert to switch an orientation axis near the substrates, and a ratio of an angle $ of indinatbn of a layer of the 
liquid crystal to the substrate, to a tilt angle 0 Is made to be from 0.9 to 1. 

In addition, according to the present invention, the uniaxial orientation processing is performed on the ori- 

30 ntatbn film by the rubbing method. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic sectional view showing a liquid crystal display device according to an embodiment 
35 of the present invention; 

Fig. 2 is a schematic view showing a layer structure of a chiral smectto C phase according to the embodi- 
ment of the present invention; 

Fig. 3 is a scheniatic view showing a layer structure of a chiral smectic C phase in a conventional example; 
Fig. 4 is a schematic view showing a layer structure of a chiral smectic C phase; 
40 Fig. 5 is a schematic view showing CI orientation and C2 orientation according to the embodiment of the 

present invention; 

Fig. 6 is a view showing a rubbing processing according to the embodiment of the present invention; 
Fig. 7 is a graph showing a relation between an angle of Indinatbn of a layer arKi a tilt angle of a molecule; 
Fig. 8 is a graph showing a ratio of the angle of indination of the layer to the tilt angle of the molecule 
45 according to the embodiment of the present invention; 

Fig. 9 te a view showing a C director of the C1 orientatbn and C2 orientatbn according to the embodiment 
of the present invention; and 

Fig. 10 is a schematic view of the CI orientation and C2 orientatbn when 5 » 8. 

so DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

It is an object of the present invention to provkle a liquid crystal display device having high contrast in a 
chevron structure. 

A liquid crystal of the present inventbn Is a liquid crystal having a chiral smectb C phase like as cyano- 
55 phenyl cydohexane type, cyanoblphenyl type, fluoride type, tolane type and so on. 

The driving method of the present invention can be employ d such a conventional method that a signal 
is applied to the scanning electrodes and signal electrodes conn ct d to pixels . 

According to the present invention, wh n an optical axis of the liquid crystal is switched by the driving 
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means, a liquid crystal molecule Is inverted not only In the vicinity of the doglegged region in the chevron struc- 
ture generated almost In the center of the pair of sufc>strates but also in the vicinity of the substrat s. Therefore, 
although the orientation of the liquid crystal molecule is a little different from each other because of the dog- 
legged structuie in the vicinity of the substrates, the liquid crystal molecule is almost uniformly oriented be- 
5 tween the substrate and the vicinity of the Interface and then it Is uniform from one substrate to the bonier 
and from the border to the other substrate. As a result, the liquid crystal molecule shows the orientation which 
is not almost twisted. 

Thus, since the liquid crystal is not almost twisted. It Is possible to prevent leakage of light when the light 
is shielded by ising with means for optically identifying the switching of the optical axis such as the polariser, 

10 and thus the contrast characteristic can be improved. 

The doglegged direction in the chevron structure in the present invention Is the direction generated Inside 
the region surrounded by the lightning defect generated in the uniaxial orientation processing direction and 
the hair pin defect generated behind the lightning defect or outside the region surrounded by the hair pin defect 
generated in the uniaxial orientation processing direction and the lightning defect generated behind the hair 

15 pin defect. Therefore, when the optical axis of the liquid crystal is switched by the driving means in the present 
invention, the difference between the optical molecular axes of two states, that is. the memory angle is large. 
Therefore, when the optical axis of the liquid crystal is switched, since the difference in amount of transmitted 
light between the state transmitting the light and the state not transmitting light can be large when using with 
the means, for example a polarizer, for optically Identifying the switching of the optical axis, high contrast is 

20 obtained. 

According to the present invention, when a ratio 8/0 of the angle a of the smectic layer to the substrate 
to the tilt angle e is from 0.9 to 1. the doglegged direction of the layer can be further easily implemented by 
a simple rubbing method. 

The present invention will be described in detail in reference to embodiments shown in the drawings. How- 

25 ever, the present Invention is not limited to the following embodiments. 

It is known that the layer structure of the chiral smectic C phase is generally a doglegged structure. The 
reason for the structure is that the molecule in the vicinity of the border of the substrates is not likely to move, 
while the space between layers in the liquid crystal phase (generally a smectic A phase) at a temperature higher 
than that of the chiral smectic C phase is reduced because the liquid crystal molecule is Inclined when changed 

30 to the chiral smectic C phase. It is thought that the liquid crystal molecule In the middle phase at a high t m- 
perature Is extended so as to keep the space between the nK)lecules, while the space between molecules of 
the liquid crystal molecule at the Interfaces remained. Therefore, the space between layers of the liquid crystal 
molecule has be to reduced as a whole, so that the layer Is doglegged. However, there are two doglegged 
directions 17 and 18 In the layer as shown in Fig. 2. which means there are two different orientations. Thus, 

35 an orientatton defect called a zigzag defect is generated at the interface where the layers are doglegged. 

As shown in Fig. 2, there are generated two kinds of defects In the zigzag defect at the doglegged part In 
the layer. Judging from their configurations, one of them is called lightning defect 15 and the other Is called 
hair pin defect 16. The doglegged directions can be estimated from their configurations. [Jpn. J. Appl. Phys., 
28. pp.50 (1988)] 

^ According to the present Inventfon, the above doglegged structure is employed, which will be described 

in detail hereinafter. When the orientatbn processing directions in the upper and lower substrates are the 
same, there are two different orientations, which depends on whether the doglegged direction is the same as 
th orientatton processing direction or it is opposite, whteh is shown in Fig. 5. 

A cone shape shown in Fig. 5 is a raceway track on which thellquki crystal molecule can move on switching, 

45 which is inclined from the layer nornrwil line 25 by the tilt angle 26 of the liquki crystal. An arrow 1 9 shows the 
rubbing directton. This relatton is discussed in Japanese Unexamined Patent No. 1 5841 5/1 989, in which a layer 
structure 23 shown in Fig. 5 where the rubbing direction is opposite to the doglegged direction in the lay r te 
defined as chevron 1 (CI orientatton) and a layer structure 24 shown In Fig. 5 where the rubbing direction b 
the same as the doglegged direction In the layer is defined as chevron 2 (C2 orientation). The same definition 

50 Is used also in this specif icatton. 

The CI orientation and C2 orientation show almost the equh/alent orientation when there is no pretllt of 
th liquid crystal molecule at the Interface of the substrates. However, when the uniaxial orientatton processing 
such as the rubbing processing is performed, a pretilt 22 of the liquid crystal molecule is generated in the dl- 
rectton shown in Fig. 6. If the pretflt is Increased, the difference in the orientatton of the liquid crystal mol cul 

55 t>etween the CI and C2 becomes obvious, which Is shown in Fig. 9. 

Referring to Fig. 9, a, b, c and d designate molecules of the C1 and C2 orientations when the molecules 
are not likely to nnov at the interface of th substrates, which ar shown by a display method using th C 
director. Since the Ik^uid crystal molecules are twisted in the upper and lower substrates. In this case, the CI 
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orientation an<l:i^ orientation ar defined as C1T (C1 twist) orientation and C2T(C2 twist) orientation, respeo- 
tively. The swibbing wh n tiie electric field is applied occurs between a and b and betw en c and d. In this 
case, the switolhg of tlie mennory state occurs only at a joint part 14 of the chevron structure. 

Referring toFig. 5, in reference to arrangenr^ent of the molecules at the interface between the upper and 
5 lower sut>stratei5 an n director 20 is considerably twisted in the C1T orientation of a and b in Fig, 9, while it is 
hAfisted a little.irthe C2T orientation of c and d in Fig. 9. When the polarizing plates are arranged so as to 
cross at right a^les at the upper and lower cells and the ceil is rotated therein, there is not quenching angle 
in the C1T orieitation and there is a quenching angle in the C2T orientation. As a result, it is found that the 
better contrastdharacteristic can be obtained in the C2T orientation than the C1T orientation. (Japanese Un- 
to xamlnefl Patert:No. 158415) 

However. vMen the nriolecules in the vicinity of the interface is made easily movable and the interface in- 
vention of the nolecule is generated, the conditions are different In Fig. 9. e. f, g. and h shows molecule of 
the C1 and C2(3rientations in the memory state when the interface invention is generated. 

Since the tvtet of the liquid crystal molecules is unhvisted at the upper and lower substrates, the molecules 
15 are uniformly aranged. In this case, the CI orientation and C2 orientation are defined as C1U (C1 uniform) 
orientation andCQU (C2 uniform) orientation, respectively. The switching when the electric field is applied oc- 
curs between eand f, and between g and h. 

in this cas^.in the C1U orientation, there is no h^ist of the nriolecules at the upper and lower substrates 
in both two menory states and an optical axis angle (memory angle 9) between two menK>ry states is in- 
20 creased. Ther^e, quenching is possible in orthogonal nicol and also a large change in intensity of transmitted 
light can be obl^ned by putting a cell at a quenching position and applying a voltage thereto, because the 
optical angle isl^rgely moved when the optical axis is switched to the other memory state. 

However, inthe C2U orientation, even if the invention of the molecule in the vicinity of the interface occurs, 
as can seen fnm Fig. 9, the optical axis can not be large changed between the first memory state and the 
25 second memorystate. Therefore, higher contrast can be obtained in the C1U orientation. 

Thus, the omtrast characteristic has the following relation. 

Large contest C1U > C2U ^ C2T > C1T Small contrast 

According tcthe present invention, the C1U orientation is employed in the liquid crystal display device in 
view of the faatdescrit>ed above. How to distinguish these orientations will be described hereinafter in view 
30 of the faci desctbed above. 

First, how tPdistinguish C1 from C2 will be described. The doglegged direction of the layer can be esti- 
mated from theconf iguration of the zigzag defect generated from a damage in the cell or the spacer There 
are two kinds afconfigurattons in the defect such as the lightning defect and the hair pin defect Normally, 
these two defeat are connected and it is Icnown that the doglegged direction of the layer at a region surrounded 
35 by the defects isdifferent from that of the outside thereof (referring to Fig. 2). Therefore, the rubbing direction 
and the dogleg^ direction of the layer can be estimated. In addition, the rubbing direction Is the direction 
of the pretilt of .tie molecule, which shown in Fig. 6. 

Next, ft wllltiae described how to distinguish the twisted orientation from the uniform orientation. 

1. When aihopping wave of low frequency is applied to the cell, an Inversion domain is observed by a 
40 microscope-At that time, the domain inversion (called a domain of a boat form) because of movement of 

internal disilination generated at the joint (the doglegged part) of the chevron is generated regardless of 

the twisted(Srientation or the uniform orientation. Therefore, when one or more domain inversions except 

for that inveslon are observed, it is determined that the inversion is the one at the interface and then it 

is through tte uniform state at the time of switching. 
45 2. When a mio of the optical axis angle between two stable states (no voltage is applied) at the time of 

memory to;He moving angle of the optical axis found by applying a sufficient electric field (approxinrtately 

±10V) to thecell is 40% or more, it is the uniform orientation. In the twisted orientation, the value is only 

approximattfy 30% level. 

Therefore. «5Cording to the present invention, the C1U orientation in which high contrast can be obtained 
CO 18 employed in ^ liquid crystal display device in view of the fact descrit>ed above. 

Example 1 

The angle dfinclination 5 of the layer of the chevron structure was measured using various liquid crystals 
55 hown in tab! 1 by X-ray diffiractton method, which is shown in Fig. 7. 
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Table L Ferroelectric liquid crystal material 
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I 30" 1 
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1 1 



* made by Cbisso Petrochemical Co., Ltd. 



( Alkyl type liquid crystal) 

** made by Merck & Co. 
30 { Alkyl type liquid crystal) 

S made by Hoechst AG 
^ { Alkyl type liquid crystal) 

where the liquid crystals CS-1014 and CS-1022 are made by Chisso Petrochemical Co., Ltd and the liquid 
crystals ZLI-3654 and ZU-3489 are made by Merck & Co., the liquid crystal FELIX-0Q2 Is made by Hoechst 
AG, and Mbcture A is a liquid crystal as follows. 



Composition of Mixture A 
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Composition of Conipound (II) 
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15% 
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20% 
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10 


30% 
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6 


20% 



{Ratio of composition of compovind (II) ) 

20 

and X \rthe figure are data when a polyimide material (PSUA-2001 made by Chisso Petrochemical Co., 
Lid.) and pol^yi alcohol (PVA) are used as the orientation film, it is found by Rieker et al. that the pretilt 
angle of bothcoientation films of the PSI-A-2001 is approximately IS'' and that of the PVA is approximately 
0.5*, which IS ©nsiderably different, but the angle of inclination 6 of the layer does not depend on the orien- 

» tation film. [T-PRieker, N.ACIark et al. Phys. Rev. lett., 59. pp.2658 (1987). However, a ntethod for measuring 
the pretilt angltof the ferroelectric liquid crystal has not been established yet, so that the pretilt angle in this 
embodiment Isavalue measured for the nematic liquid crystal. The dotted lines in the figure show the relation 
that S s © { tiltaigle). As can be seen from the figure, the angle of inclination 8 is a little smaller than the tilt 
angle 6. Two olentation states shown in Fig. 5 are drawn from the above relation. Then, it is found that there 

30 tea differenced^ stability of generation of the C1 orientation and C2 orientation, depending on the relation of 
the angle of intfination S 28 of the layer and the tilt angle e 26. 

When 5 the layer is not stable in view of energy and actually such layer has not been observed. When 
6«e,lheC1iHentation and C2 orientation both exist in a stable manner and even if the pretilt at the interface 
is fafge to a certain degree, the C2 orientation exists. However, when 5 - O, the C2 orientation exists only 

35 under the coruftion that there is no pretilt at the Internee, vtrhich is shown In Fig. 10. 

As descritad above, when the uniaxial processing Is performed, the pretBt is generated. Therefore, if a 
material whlch^tisfies the condltton that 5 = e is selected, the 01 orientation can be stably provided, pre- 
venting generaton of the 02 orientation. Thus, the 01 orientation can be stably obtained by another well- 
known meai^^ftid further high contrast characteristic can t>e obtained. The another means de5crik>ed above 

40 e technique imiylementing that an interface pretilt Bp (angle formed between the substrate and the liquid crys- 
tal molecule) »the tilt angle e (an angle when a cone angle of the liquid crystal molecule in the CI U orientation 
fs28) disdosQiujn Japanese Unexamined Patent No. 7879/1991 or technique implementing the interface pre- 
tOt or 8 to 35 *>dlsclosed in Japanese Unexamined Patent No. 32395/1 991 . 

Fig. 6 Is a gtiph showing the relation between 6(28) > 0(26) and 0(26) for more detaS examination, where 

45 6 / 6 is an abs0ute value. Actually, in a material having 5/0 of from 0.9 to 1 , the C2 orientation does not exist 
and the CI ori9itatk>n can be statHy obtained like in the above condition that 5 = 0. 

Example 2 

CO A liquid cr)^| display device according to the present invention will be described In reference to an m- 

bodlment of thepresent invention. 

fig, 1 is a^^tional view showing the liquid crystal display device of the present invention. Referring to 
Rg. 1 , a plurali^'of transparent electrodes 2a having a thickness of 300 to 5000A, preferably 1000 to 3000A, 
which are arrai^ed in the form of stripes so as to be parallel to each other, are formed on a glass substrate 

55 la. Then, an elft^trode protective film 3a formed of Si02 having a thickness 300 to 5000A, preferably 1 000 to 
2000Ai8 formotithereon by sputtering and then a PSI-A-2001 (polyimide) orientation film 4a made by Chisso 
Petrochemical ib., Ltd. is formed thereon with a thickness of 400A by spin coating. Thereafter, the uniaxial 
orientation pro<^ing is performed using rayon doth by a rubbing method. Thus, a substrate 9 is formed. 
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Meanwhile, a plurality of transparent electrodes 2b are arranged in the form of stripes so as to be parallel 
to each other on another glass substrate lb in th sante mann r and then an orientation film 4b is formed 
through an electrode protective film 3b under the same condition. Thereafter, the uniaxial orientation proc- 
essing is performed by the rubbing method. Thus, another substrate 10 is formed 
5 Then, the substrates 10 and 9 are put together at a distance of 1 .5^m through a silica spacer 5 with a 

sealing material 6 formed of epoxy resin so that the orientation films 4a and 4b may be opposite to each other, 
the transparent electrodes 2a and 2b may cross at right angles, and the rubbing directions coincide with each 
other. 

Then, a liquid crystal 7 showing a chiral smectic C phase is injected between the substrates 9 and 10 from 
10 an inlet by a vacuum injection method while the liquid crystal is heated, and then the inlet is shielded by an 
acrylic resin of a UV curing type. Thus, a liquid aystal cell 11 is made. 

Then, polarizing plates 12a and 12b whose polarizing axes cross at right angles are arranged on the upper 
and lower side of the cell and one polarizing axis of the polarizing plate is n^de to coinckie with either one of 
optical axes of the liquid crystal of the cell 11 . Thus, the lk]uid crystal display device is made. 
15 The state of orientation is observed through experiments in the liquid crystal display device to which va- 
rious liqukl crystals shown in table 1 are injected. 

In the device to which CS-1014 and CS-1022 mixture A is injected, the CI U orientation is seen from a tran- 
sition point (Tag) from the smectic A phase to the smectic C phase, to the vicinity of the room temperature 
(25''C), which Is confirmed by the above described method. 
20 In the device to which ZLi-3654, ZLI-3489, and FELiX-002 are injected, the C1U orientation and C2U ori- 

entation exist together from Tac to the vicinity of the room temperature. 

In a liquid crystal display device having the orientation film of PVA of the above structure, the state of ori- 
ntation is observed. 

In the device to which CS-1014 and CS-1022 mixture A is injected, the C1T orientation is seen from Tac 
25 to the vicinity of the room temperature (25*'C). 

In the device to which ZLi-3654, ZLI-3489 and FELIX-002 are injected, the CI U orientation and C2 orien- 
tation exist together from Tag to the vicinity of the room temperature. 
The above results are shown in table 2. 



30 Table 2 





Liquid Crystal Material(S/e) 


Orientation Rim 

1 1 


Orientation 




CS-1014 (0.918) 


PSI-A-2001 


C1U 


35 




PVA 


GIT 




MbctureA(0.982) 


PSI-A-2001 
PVA 


C1U 
C1T 


40 


CS-1022 (0.938) 


PSI-A-2001 
PVA 


C1U 
C1T 




ZU-3854 (0.845) 


PSI-A-2001 
PVA 


C1U,C2 
C1T,C2 


45 


ZU-3489 (0.872) 


PSI-A.2001 
PVA 


C1U,C2 
C1T,C2 




FEUX-002 (0.892) 


PSI-A-2001 


C1U.C2 


60 




PVA 


C1T,C2 



As can be obvious from the above table, because of a difference In pretilt of the orientation film, whether 
the CI orientation stably exists or possibility of generation of the C2 orientation is high is determined by 5 / e. 

According to the display device of the present invention, the C2 orientation can be prevented from being 
gen rated and the CI orientation can t>e stably obtained. Furthernrx>re, th ClU orientation can be stably ob- 
tained by another well-known means and further high contrast characteristic (40 or more) can be attained. 

Whil only certain presently prefierred embodiments have be n described In detail, as will be apparent with 

8 
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those skilled in the art, certain changes and modifications can be made without departing from the scope of 
the invention as defined by the following daims. 



5 Claims 

1. A ferroelectric liquid crystal display device comprising: 

a pair of substrates on which an electrode is selectively formed on the surface, an insulating film 
and an orientation film are formed thereon and uniaxial orientation processing is performed and which 
10 are arranged so that directions of their uniaxial orientation processing may be almost parallel to each 

other. 

a liquid crystal panel which Is formed by injecting a liquid crystal having a chirai smectic C phase 
between said substrates; 

driving means for switching an optical axis of the liquid crystal by selectively applying a voltage to 
IS said electrode; and 

means for optically identifying the switching of the optical axis, 

in which the liquid crystal shows a chevron structure as a layer structure at the chirai smectic C 
phase in which a layer structure is doglegged, and an orientation region generated from interaction in the 
uniaxial orientation processing direction and the layer structure is an inside region surrounded by a light- 
20 ning defect generated in the uniaxial orientation direction and a hair pin defect generated behind the light- 

ning defector an outside region surrounded by the hair pin defect generated in the uniaxial orientation 
direction and a lightning defect generated behind the hair pin defect* the liquid crystal can invert to switch 
an orientation axis near the substrates, and a ratio of an angle 8of inclination of a layer of the liquid crystal 
to the substrate, to a tilt angle e is made to be from 0.9 to 1. 

25 

2. A liquid crystal display device according to daim 1 , wherein said ratio is made to be from 0.95 to 1. 

3. A liquid crystal display device according to daim 1, wherein said uniaxial orientation processing is per- 
formed on said orientation film by a rubbing method. 

30 
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